Salix exigua
) is a common native woody plant widely distributed in the United States (Figure3). It is described as a suckering shrub, 0.9 m to 7.6 m (3 ft to 25 ft) tall (Figure 4 ), found throughout the western contiguous United States (USDA 2001) . It is dioecious. 1 The leaves are very narrow with serrated edges, 50 to 127 mm (2 to 5 in.) long, lance-shaped, and pointed at both ends, with margins that have shallow, widely spaced teeth. The leaves are green and smooth on both surfaces or sometimes silvery-silky (USDA 1999b).
When this species becomes established, it quickly forms thickets on sand or gravel deposits along streams, roadside ditches, sloughs, and other places that frequently flood ( Figure 5 ). Salix exigua is adapted to sandy soils in stream, river, and shoreline sites, but is not well adapted to other sites (USDA 1999a) . In Idaho, Salix exigua has been found on sand and gravel bars up to the high-water line, and it is often the only shrub that survives annual flooding (Brunsfeld and Johnson 1985) . The ability to withstand both (relatively) dry and flood conditions makes this plant extremely valuable for shoreline stabilization purposes.
METHODS:
To describe the physical characteristics of Salix exigua stems, individual trees were measured in Oregon (Grant, Umatilla, and Union Counties) and Idaho (Bannock, Bingham, Blaine, Bonneville, Cassia, Minidoka, Oneida, Power, and Teton Counties) (Figures 6 and 7) . Total tree height and stem diameter at ground level were measured. Elevations of the sites at which willows were harvested or measured in Oregon ranged from about 975 m (3,200 ft) 2 (Grant County) to about 853 m (2,800 ft) (Union County). In Idaho elevations ranged from approximately 1,280 m Salix exigua growing on a streambed of mainly gravel Willow dimension data came from three sources:
• At John Day and LaGrande, Oregon, respectively, trees were harvested in advance of two Natural Resources Conservation Service (NRCS) streambank erosion control workshops. These tree stems were measured at the workshop field demonstration sites using students to assist with the measuring procedures.
• As the investigators traveled between John Day and LaGrande, stands of willow were randomly selected for measurement on road shoulders and along streambanks. These measurements were taken on live trees.
• Trees in Idaho were measured by summer personnel hired by the NRCS specifically to perform this work. Stem measurements in Idaho were taken on live trees.
Willow trees for the two Oregon workshops were harvested by volunteer labor within a week of the workshops and stored submerged in water. Willows were harvested as near the demonstration sites as possible. No restrictions or guidance was provided to volunteers as to size of trees to harvest for the workshops. Therefore, stem selection was completely ad libitum by the volunteers. Stems were cut 13 to 152 mm (0.5 to 6 in.) above the ground.
Diameter classes for this study were arbitrarily set beginning with 6.35 mm (0.25 in.) and incremented by 6.35 mm (0.25 in.) per diameter class (Table 1) . At workshop field demonstration locations, diameters were measured by inserting stem butts into holes predrilled into a piece of lumber ( Figure 8 ). The diameters were assigned to diameter classes determined by the smallest diameter hole into which the stem would fit. For example, a stem that was actually 15.2 mm (0.6 in.) in diameter was tallied in the 19-mm (0.75-in.) class. Length to the nearest 0.30 m (1 ft) was measured by holding each stem near a measuring tape that had been either attached to a nearby fence or staked to the ground.
A limited number of "grab" samples at the demonstration sites were fashioned into fascines to determine the number of stems required for fascine construction. In addition, a small sample of stems was weighed individually with a spring scale during the Oregon workshop at the John Day site. At the LaGrande site, smaller bundles of willow, called vertical bundles, also were constructed from grab samples of stems.
Vertical bundles, although the same length, are approximately half the diameter of fascines. They are installed in streambanks by digging a vertical trench into the back face deep enough to contain the bundle. The bundle is then staked in place and covered with compacted soil. Stands of willows encountered between workshop sites in Oregon (John Day and LaGrande) and all samples in Idaho were measured regardless of tree size. A 1-m by 1-m sampling frame was placed on the ground, and all trees within this frame were measured at ground level using calipers. Heights were measured to the nearest 0.30 m (1.0 ft) by holding a surveying stadia rod beside each tree ( Figure 9 ). Diameters were summarized in the same diameter classes 1 as the cut stems.
All data were processed, statistics were calculated, and simple linear regression graphs were prepared using Microsoft Excel software (Office 97). In the linear regression calculations, height was selected for the independent variable and basal diameter was selected for the dependent variable. The rationale for this choice was that average stand height is relatively easily estimated (or sampled) whereas measuring diameters of the stems at or near the ground is more physically difficult for the sampler.
RESULTS AND DISCUSSION:
Oregon. A total of 977 willow stems were measured: 438 at the John Day workshop, 156 at the LaGrande workshop, and 383 at random stops along the highway while traveling between the two workshops. Stem diameters ranged from 6.4 mm (0.25 in.) to 50.8m (2 in.), and tree height ranged from 0.5 m to 5.99 m (1.6 ft to 19.7 ft). Seventy-five percent (n = 729) of the stem diameters were between 12.7 mm (0.50 in.) and 31.8 mm (1.25 in.). Twenty-three percent (n = 223) of the stem diameters were less than 12.7 mm (0.5 in.), and about 3 percent (n = 25) of the stem diameters were greater than 31.8 mm (1.25 in.). Average stem diameters and mass are summarized by height classes (Table 2) .
For all measured trees in Oregon, the average basal diameter was 17.1 mm (0.67 in.), and the average height was 2.42 m (7.91 ft). The average number of stems per square meter was 14.5. This equates to approximately 145,000 stems per hectare (ha) or 58,700 stems/acre. 2 At the workshops, 32 to 42 stems (average diameter = 17.0 mm (0.67 in.) and average height = 24.1 m (7.91 ft)) were required to construct a 203.2-mm by 3.05-m (8-in. by 10-ft) fascine, and 8 to 15 stems were required to create a 101.6-mm by 3.05-m (4-in. by 10-ft) vertical bundle. Linear regression of the Oregon data produced a prediction equation of
This means that the estimated diameter y is equal to the constant, 0.3577, added to the product of a tree of height x and the coefficient, 0.5583. The R 2 , the proportion of the total sums of squares attributable to tree height, is 0.2725, and the R value is 0.5220.
Idaho.
A total of 3,794 willows were measured in Idaho. Diameters ranged from 3.2 mm to 127 mm (0.125 in. to 5.0 in.). Seventy percent (n = 2,672) of stem diameters were between 13.5 mm (0.50 in.) and 31.8 mm (1.25 in.). About 25 percent (n = 962) of stem diameters were less than 13.5 mm (0.50 in.), and the remaining approximately 4 percent (n = 160) of tree diameters were greater than 31.8 mm (1.25 in.). For all stems the mean diameter was 17.3 mm (0.68 in.) and the mean height was 2.3 m (7.5 ft). However, when the stems larger than 50.8 mm (2.0 in.) were eliminated from the sample, 1 the sample size was reduced to 3,770 trees (Table 3) . For this reduced sample, the mean diameter was 17 mm (0.67 in.) and the mean height was 2.28 m (7.48 ft). This means that the estimated diameter y is equal to the constant 0.0461 added to the product of a tree of height x and the coefficient 0.7249. The R 2 , the proportion of the total sums of squares attributable to tree height, is 0.5614, and the R value is 0.7493.
Idaho and Oregon.
Since all sampled willow stands were from lower elevations in Idaho and Oregon, the intent was to pool the measurements without anticipating biological differences 1 (hybridizations, subspeciation, etc.).
From the regression equation for the Oregon sample: y = 0.3577 + 0.5583x (R 2 = 0.2561) (Figure 10 ) (3) and from the regression equation for Idaho (with diameters limited to a 50.8-mm (2.00-in.) maximum 2 ): y = 0.0461 + 0.7249x (R 2 = 0.5614) (Figure 11 ) (4) A t-test was performed to assess the homogeneity of the b's (slopes of the respective regression lines) to determine if they estimated a common . Using the formula:
(5) where = estimate of variation about regression x 1j , x 2j = values of x from the first and second samples, respectively a t-value of 0.006943 was calculated. The slopes of the regressions were found to be not significantly different (P < 0.001); thus, the two data sets were combined for analysis.
Linear regression of the combined Idaho and Oregon data produced a prediction equation of y = 0.0864 + 0.6993x (R 2 = 0.5032) (Figure 12 ) (6) This means that the estimated diameter y is equal to the constant 0.0864 added to the product of tree height x and the coefficient 0.6993. The R 2 , the proportion of the total sums of squares attributable to tree height is 0.5032, and the r value is 0.7094. From this equation, estimates of diameters from stem heights are displayed in Table 4 .
Although the number of fascines and vertical bundles for which stem counts were determined is small, the average requirement was 38 stems per fascine 203. 
HOW TO USE THIS INFORMATION; A HYPOTHETICAL CASE:
A project manager in Idaho wants to construct 1,500 m of wattling bundles to treat an area of erosion on his lake near a boat landing. He knows the location of a sandbar on a stream on his project with Salix exigua growing on it. To schedule his crew efficiently, he wants to know how much willow to harvest and whether the sandbar contains sufficient willow material to meet his requirements or whether he will have to locate additional stands of willow.
• Step 1. Using a conventional measuring tape, a dot grid on aerial photographs, or Global Positioning System (GPS) equipment, determine the area of the willow stand on the sandbar ( Figure 13 ).
• Step 2. By placing a sampling frame of known dimensions at several locations in the stand, determine the average number of stems of willow per unit area (square meters, square feet, etc.) ( Figure 14 ).
•
Step 3. With a stadia rod or other engineering equipment, make height measurements on approximately 10 m 2 (108 ft 2 or 0.002 acre) of standing trees, or the stem lengths of cut stems from approximately 10 m 2 .
• Step 4. From the average height determined in Step 3 and the height-diameter relational information in Table 4 , estimate the average diameter of the stems.
Step 5. Based on the average length and diameter of the stems, determine the number of stems required to construct a wattling bundle. Since the average length of a wattling bundle is 3 m, the 1,500 m to be treated will require 500 bundles. The 500 bundles are multiplied by the number of stems per wattling bundle to get an estimate of the total number of stems.
• Step 6. From Step 2, determine the average number of stems per unit area on the sandbar. The number of stems per unit area is multiplied by the area (Step 1) to get an approximation of the number of stems available. This will then reveal whether the area contains sufficient willow to meet the project requirements (Step 5) or whether additional willow source(s) will be needed. Note: Estimates based on simple linear regression (y = 0.0864 + 0.6993 x) where y is estimated diameter and x is the average tree height. 
RECOMMENDATIONS FOR ADDITIONAL STUDY:
• Although an extensive number of Salix exigua stems were measured in Oregon and Idaho, only a limited number of erosion control components were constructed. Additional information is needed to more fully characterize structures commonly prepared for shoreline and streambank erosion control. Brush mattress, branch box breakwaters, and additional fascines and vertical bundles could be constructed, then dismantled and the components (stems) measured to more clearly establish the relationship between Salix exigua stem size and the quantity of stems necessary to prepare erosion control components.
• Additional weight/mass data are needed. Since willow is typically harvested near the site at which it will be used, weight and haul distance are generally not significant cost factors. However, knowing the stem dimensions and how those dimensions relate to stem weight could simplify the estimation process. For example, if the stand averaged 3.05 m (10 ft) tall and a fascine of this material required 40 stems/bundle that weighed 18.2 kg (40 lb), then 454.5 kg (1,000 lb) of 3.05-m stems would produce about 55 fascine bundles. Weight of cut stems could be easily and quickly determined with truck scales. Because of the formats of the workshops onto which this study was appended, it was not possible to collect such information.
• Salix exigua should be sampled in other portions of its native range with predefined criteria for the sizes of stems to be measured. Differences in site quality and in climate may produce Salix exigua stems of different physical characteristics from those described in this study. 
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